INTRODUCTION
One of the main current interests in the field of growth factor induced cell activation is centred on the finding of the identity of the membrane components and their resultant second messengers involved in the coupling of receptor activation with the subsequent amplifier system [1] . Transferrin, a specific iron-binding protein in the plasma, has been well known not only for its iron transport and its facilitation for iron uptake by the receptor-mediated endocytosis process [4] , but also for its function as a growth factor [5] to induce cell activation and proliferation. The present study was aimed at investigating if transferrin binding to cells would be translated into a series of membrane signals such as inositol 1, 4, 5-trisphosphate and discylglycerol [6] whose production would demonstrate not only the hyperplastic property of transferrin on cell growth and proliferation but also a 
ABSTRACT
One of the earliest events leading to cell activation and growth is the hydrolysis of inositol phospholipids producing various membrane signals induced by an interaction between growth factors or hormones with their respective receptors on the cell membrane [1] . To demonstrate the mitogenic action of transferrin, our results show that an addition of transferrin to "serum-deprived"rat hepatoma cells produced a rapid but transient rise in inositol 1, 4, 5-trisphosphate (IP 3 ) level, and at the same time, an increased intracellular Ca 2+ activity and a cytoplasmic alkalinization were observed. These signal transduotions further lend support to the mitogenic nature oftransferrin. In addition, a possible link betwagn the receptor-mediated endocytosis of transferrin with the generation of intracellular signals is discussed herewith. correlation between the cytoskeletal events ef endocytosis and the membrane signal transduction.
MATERIALS AND METHODS
Rat hepatoma cell line (RH 35) which had Been in culture in our laboratory for some years, were used for this study. They were grown on 60 mm petric dish to 80 % confluency and then"serum-starved"in MEM medium for 16 hours before they were activated by an addition of 6.25 µM rat diferric transferrin (which was prepared by the method of Baker et al. [7] ). Activation could be torminated by adding 1 ml of 40 % trichloroacetic acid to the cell suspension at 0℃ for 20 min followed by centrifugal separation. The supernatant was extracted with water saturated with diethyl ether which was later titrated to pH 7.0-7.5 with NaOH. Inositol triphosphate (IP 3 ) present in the extract was debermined by the D-myo-inositol I, 4, 5-trisphosphate [
3 H] assay system (TRK 1000) purchased from Amersham Inlernational plc, Amersham, United Kingdom.
Galcium ions flux and intracellnlar pH were measured by fluorescent probes, Quin-2 acetoxymethyl ester [8] and bis (earboxyelhyl) carboxyfluorescein acetoxymethyl ester (BCECF /AM) [9] respectively. Briefly, the serum starved cells cultured on cover glass were loaded with 30 µM Quin-2/AM or 6 µM BOEOF for 30 min at 37℃ and then washed twice with assay buffer. They were placed in a 3 ml curvette and their fluorescence was continuously measured with a spectrofluorometer (Hibachi F-4010). For calcium ions measurement, the spectrofluorometer was set at 339 nm for excitation and at 492 nm for emission. Calibrabion was performed by lysing the cells with 0.025% Tribon X-100 and subsequently 0.5 mM MnCl 2 was added to the lysate. For pH measurement fluorescence was excited at 490 nm with emission at 530 nm wavelength. Aft.or the cells were lysed with Triton, a fixed amount of standard acid solutions were added to record the known values of pH with a pH electrode.
RESULTS
Upon stimulation by diferric transferrin (6.25µM), IP 3 was generabed rapidly in a time course as shown in Fig. 1 . A peak value was reached at 2 min. after activation and this was followed by a gradual decline returning to its original resting value after 30 min.
Concurrently with the generation of IP 3 , a sudden surge in cytosolic calcium ion concentration (Fig. 2) was observed immediately after activation by diferric tansferrin and continued to reach a peak after 5 minutes. In this experiment, approximately 150 µM of calcium ions was released into the cytoplasm. However, if the cells were pre-treated with trypsin, transferrin failed to induce such Ca 2+ ions mobilization (results are not shown here) indicating that transferrin receptors are essential for this induction and the removal of these receptors by trypsinization will terminate this Ca 2+ ion activity. Hyporphosphorylation of membrane phospholipids was also accompanied by a change in cytosolic pH. That is, when the BCECF-loaded hepatoma cells were activated by transferrin, a slow but marked alkalinization wilh a surge of about 0.10 pH unit was observed wibhin 5 rain. (Fig. 3) . Addition of phorbol ester, phorbol myristate acetate which is an activator of PKC [6] in the absence of transferrin, exhibited a similar cytoplasmic alkalinization (Fig. 4) .
DISCUSSION
In the present study, the binding of transferrin to the surface reespt ors in"serumdeprived"rat hepatoma induced an immediate surge in intracellular inositol trisphosphate Leung TM et aL. (IP 3 ) formation. This generation of IP 3 was followed closely by a sudden rise in intracellular Ca 2+ level and an increase in cytosolic pH. These observations suggest that transferrin can induce membrane signal transductions similar to those induced by growth factors prior to cell activation processes. These observations will lend support for the mitogenic function of transferrin during cell culture or growth [5] . Although the present study has not provided specific evidence on the signalling pathways involved in transferrin , s mitogenicity, it is not illogical to deduce from the massive documents on the generation of inositol trisphosphate that it is likely to be derived from the rapid hydrolysis of the phosphoinositides to generate both IP 3 and DG [6] . The inositol trdsphosphate, released into the eytosol, will mediate a fast and transient release of Ca 2+ ions from both the in tracellular and extracellular stores [6] while DG will activate protein kinase C and the Na + /H + exchange system [1, 2] . As far as signal transduction is concerned, cell growth and proliferation is generally preluded by an atkinalization of the cytoplasmic pH which is regulated mainly by the Na + /H + exchanger [9] . The observation that the phorbol esters, which are thought to act through protein kinase C [6] , can increase pH in RH 35 hepatoma cells, suggests that diacylglycerol may be responsible for activating the amiloride-sensitive Na + /II + carrier system. An increase in cylosolic pH induced by transferrin supports not only the mitogenieity of transferrirn but also implicates a possible connection between the DG and Na + /H + antiporter system although the latter requires further investigation. In addition to the mitogenic effect, the selective binding of transferrin which induces a rapid receptor-mediated endocytotic process with a similar time course has also been well demonstrated in our laboratory [10] . Based on the fact that phorbol esters can alter the cytoplasmic pH through the action from protein kinase C (PKC) [2] prior to hyperphosphorylation of transferrin receptors [3] and that transferrin mimics the effects of phorbol esters (Fig. 4) , it is likely that any transferrin-induced cytoskeletal changes leading to endoytosis and recycling of transferrin-receptors may be initiated from a common membrane signal transduction process. Nonetheless, further work will be required to confirm such correlation. In conclusion, our preliminary study here can offer a capacitating model for further investigation into whether transferrin will concomitantly exert a multiple role as an iron carrier as well as a signal inducer for both mitogenie and endocytotic process.
